Exercise has beneficial effects on brain function, including the promotion of plasticity and the enhancement of learning and memory performance. Previously we found that exercise increases the expression of certain neurotrophic factors including brain derived neurotrophic factor in the rat hippocampus. To further explore the molecular mechanisms underlying these changes, we used high-density oligonucleotide microarrays containing probe sets representing approximately 5000 genes to analyze the level of gene transcripts in the hippocampus of rats voluntary running for 3 weeks in comparison with sedentary animals. An improved statistical approach for the analysis of DNA microarray data, Cyber-T, was utilized in data analysis. Here we show that exercise leads to changes in the level of a large number of gene transcripts, many of which are known to be associated with neuronal activity, synaptic structure, and neuronal plasticity. Our data indicate that exercise elicits a differential gene expression pattern with significant changes in genes of relevance for brain function.
INTRODUCTION
The beneficial effects of physical exercise on brain function have been observed in numerous studies. Human studies have shown that physical exercise has positive effects on certain measures of cognitive function and personality (Young, 1979; Williams and Lord, 1997; Kramer et al., 1999) and has recently been associated with a reduction in the relative risk of developing Alzheimer's disease (Friedland et al., 2001; Laurin et al., 2001) . Voluntary physical activity enhances the performance of experimental animals in tests of spatial learning (Fordyce and Wehner, 1993) and passiveavoidance memory (Samorajski et al., 1985) . Physical activity also facilitates recovery from ischemic injury (Johansson and Ohlsson, 1996) . Running in mice enhances adult neurogenesis in the dentate gyrus, the magnitude of hippocampal long-term potentiation (LTP), and spatial learning (van Praag et al., 1999) . Structural and biological changes in the brain include increases in muscarinic receptor density, immunoreactivity for certain neuropeptides in the hippocampus and prevention of age-related changes in dopamine metabolism and D2 dopamine receptor levels in the striatum (MacRae et al., 1987; Fordyce and Farrar, 1991; Bucinskaite et al., 1996) . Furthermore, neurotrophic factors, including brain-derived neurotrophic factor (BDNF), which are important for neuronal survival and differentiation and synaptic plasticity (Patterson et al., 1996; Lu and Chow, 1999) , are increased after exercise in the rat hippocampus and cerebral cortex (Neeper et al., 1995 (Neeper et al., , 1996 Gomez-Pinilla et al., 1998; Russo-Neustadt et al., 2000) . Such changes may contribute significantly to the beneficial effects of exercise. However, the underlying mechanisms are currently poorly understood. To further a better understanding,
